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ABSTRACTThis project investigated the role of the advancedplacement program in the classroom. It identified the AP program's most common method of teaching as lecture-based The traditional method of teaching was explored in relation to students' success and understanding of scientific principles in comparison with an inquiry-basedapproach. Through investigation, of current and pastresearch involving teaching methods used in advanced placement science classes and the research of an inquirymodel of teaching, the benefits of inquiry-basedinstruction are noted. The comparison indicated that inquiry-based Instruction is the best practice for improving student understanding. Thus, the research suggested that implementation of inquiry-based methods inscience classrooms, including advanced placement biology courses, would improve student understanding. The challenge therefore was to change lecture-based lessons into inquiry-based lessons using the Biological Sciences Curriculum Study (BSCS) "5E" instructional model.The five "E's": engage, explore, explain, elaborate, and evaluate are used to create an inquiry lesson. Within the "5E" model, three criteria are identified as missingfrom lessons from in a traditional method. The criteria
iii
are: engaging students, students creating their ownexplanations to their investigations before the teacher lectures, and students practicing metacognition. The twoother criteria of the "5E" model "elaborate" and"explore," need to be addressed in different ways than intraditional lecture based lessons. Three samples of inquiry lessons from AP Biology topics that are covered inthe AP Biology Laboratory Manual are used as evidence ofhow lessons can be transformed from traditional lessonplans and cookbook labs to inquiry instruction. These three inquiry lesson plans are compared to three traditional lessons plans showing the components that are missing in traditional labs and how to adjust "explore"and "elaborate" criteria in traditional lessons forinquiry learning. These lessons plans are used as examples of how to take a step towards practicing inquiry-based instruction and becoming an inquiry teacher.
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CHAPTER ONEROLE OF ADVANCED PLACEMENT COURSES INTHE HIGH SCHOOL CURRICULUM
History of the Advanced Placement Program The advanced placement (AP) program that emerged fromthe College Board in the 1950's intended to improve American education. Its purpose was to allow students theopportunity to obtain college level classes and therefore award credit toward college at the high school level in order to avoid repeating coursework in college. Thus, this allowed students that were highly motivated to work at the height of their potential and capabilities by advancing with their studies as quickly as possible through the advanced placement program (College Board AP Central,2006).The success of the AP examinations, which consists oftwo sections: a multiple choice and a constructedresponse, usually in essay form, received support from many colleges (Curry, MacDonald, & Morgan, 1999). In 1961, the University of California system was using AP exams forcollege placement and in 1982 it became a factor in admissions to the UC system (Geiser & Santelices, 2004).
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Because minorities and underprivileged students were underrepresented in participation in the AP program, the"federal government, through the U.S. Department of Education, provided $3 million in grants in 1998 to pay the exam fees for economically disadvantaged students enrolled in AP courses" in order to "encourage moreschools to offer AP courses and raise their academicstandards" (Curry et al., 1999, Abstract, SI 4) . Today, theAP program "has become one of the leading indicators usedby educators to gauge the status of American education" (Curry et al. , 1999, Abstract, SI 5) .The College Board has developed teacher training and workshops that help secondary teachers familiarizethemselves with the AP course content that should betaught. Now the College Board's AP program has expandedand offers 35 courses in 20 subject areas where over 60% of high school students participate in the program (College Board AP Central, 2006). The increasing amount of high school students taking the AP. exams is due to colleges and universities reviewing transcripts to determine how successful students will be in college. Colleges determine a student might be successful by comparing the course grades and-the -AP exam scores obtained in the AP classes. Their reasoning behind this is
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due to past research indicating that students that do well in advanced placement classes are likely to do well in college. -
How the Advanced Placement Program Works In advanced placement courses, the students are ableto earn an extra point toward their grade point average (GPA) granting a grade point value of an A = 5, B = 4, andC = 3. For example, a letter B in an AP course would countas if it was an A in a regular course (Geiser &Santelices, 2004). This acts as a motivator for studentsto challenge themselves to a college level course and not hurt their GPA. At the end of the school year beginning in April through May, the students take the AP exam which as stated previously, offers 35 courses in 20 subject areas and according to Curry et al. (1999) and the College Board AP Central website (2006):Each examination (except Studio Art) consists of a multiple-choice section and a constructed-responsesection. Several variations of theconstructed-response mode can be found across the disciplines, including writing essays in the social studies, solving problems in mathematics and science, writing programs in computer science, sight-singing
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in music, speaking and listening in modern languages, and creating portfolios in art. (Curry et al., 1999,The Course and Examinations, SI 2)After the students take the AP exams in their area, thereare readers that are selected from colleges and secondary schools throughout the world that grade the tests using"reliability measures and rigorous procedures to ensure the questions are scored in a consistent manner" (CollegeBoard AP Central, All About the Exams, 2006). After themultiple choice and the constructed responses are scored, they are combined to form a collective score that is converted to a five point scale where three points and above is passing and therefore granted college credit for the course (Curry et al., 1999).High Schools offer advanced placement courses thatinclude a team of high school educators that areresponsible for teaching the subject matter that would normally be taught at an introductory college level class. According to Curry et al. (1999):The Course Description contains broad recommendationsabout the content and skills to be included in agiven class. Teacher's Guides, as well as the examinations, are based on these descriptions. The program does not dictate textbooks to be used, the
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schedule of lessons, or teaching techniques. (TheCourse and Examinations, 5 1)Thus, it gives the teachers the liberty to teach thecontent using whichever pedagogical strategy they wish. Although, according to Schofield as cited in the National Research Council (2002), the teacher's guide for teachingAP biology gives quotes referring to instructionalstrategies that work for teachers teaching AP. These two examples include: "The primary goal of the class is to ensure that students leave having experienced an intense course of college-level biology. I do this mainly through lectures and discussions, during which time students are able to ask plenty of questions" (p. 45) and "I try to provide my students with a variety of teaching techniques that encourage both independent and group activities."(p. 73). These quoted examples indicate the preference of teaching techniques that should be used in the AP program.
Advanced Placement Research Leads to Controversy This, project focuses on how AP science, specificallybiology, is affected by the advanced placement program. When approached to teach advanced placement biology at the high school, it was a concern of how the AP program worked and how these classes were taught. The author of this
5
project observed, substituted in the AP class, andinquired about the content and how scientific principles were taught to the students. As the author of this project shared some of the knowledge of inquiry that was learned in the master's of science education program and how effective it was turning out to be with the regularbiology classes with an AP teacher in California, it was devastating to find out that the AP teacher dismissed someof the information that was shared and said that lecturewas the way to go in teaching AP biology. The teacher mentioned how the students had to be ready for college and the only way that the material could be covered wasthrough lecturing everyday and conducting the labs in the AP Biology Manual. In consequence, the role of the advanced placement program and what is known about howeffective lecture-based instruction can be for students'success in gaining scientific knowledge was investigated for this project.The College Board through the Educational Testing Service (ETS) has conducted research showing how their advanced placement program, including science, indicates students' success in college (Morgan & Ramist, 1998;Morgan & Maneckshana, 2000). Some of their research is
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available on their official website:www.apcentral.collegeboard.com.However, there is growing evidence that AP courses do not prepare students for the academic challenges of college (Klopfenstein, 2005). According to Adelman (ascited in Geiser & Santelices, 2004), whom researched theeffect of advanced placement courses in biology, taking APcourses in high school does not indicate future collegeperformance. Adelman found that the most "powerfulindication of college success was 'academic intensity' ofthe high school curriculum" (p. 5). Research shows thatadvanced placement classes "suffer from inadequate quality control as well as excessive pressure to fulfill their advanced placement function, which encourages teachers to attempt coverage of all areas of biology and emphasize memorization of facts rather than in-depth understanding" (Wood, 2002, p. 123). Due to the great amount of information to be taught, teachers resort to lecture-based classrooms where students are not experiencing or doing science, just listening about it. The purpose of science should be "not just to acquire biological knowledge, but rather to experience the process of biological science" (Wood, 2002, p. 126). In addition to.lectures, the laboratories for the AP curriculum are not geared for
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student investigation (Wood, 2002). They are juststep-by-step cookbook labs where students are following a procedure without thinking of the purpose.In contrast to traditional teaching methods, inquiry methods have shown to have positive effects in studentunderstanding of biology. As a result, Llewellyn (2005) has given suggestions to change traditional lessons and cookbook laboratories into inquiry lessons where theclassroom is student-centered instead of teacher-centered.In this setting, students are able to apply and analyze information in an inquiry-based learning environment, as opposed to a lecture-based class where students sitpassively and absorb the information while a teacher talksto them.
Purpose and Significance of the Project Currently, there is an abundance of research thatinvolves inquiry methods in the science classroom. Studies have found that inquiry methods help students learn the material more effectively than traditional instructional strategies. New research conducted has been comparing inquiry methods in introductory college courses to traditional lecture courses. However, not many studies involve studying inquiry methods in an Advanced Placement
8
Biology class and how they affect understanding of science concepts. The purpose of this project is to propose why and how advanced placement science courses, specifically biology, should be taught using inquiry methods ofteaching that promote and develop a superior understanding of scientific principles by demonstrating that traditional lesson plans can be modified following an inquiry style format. In this way, teachers of advanced placementcourses can have an idea of how to illicit criticalthinking among advanced placement biology students while still covering their subject matter.
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CHAPTER TWOREVIEW OF THE LITERATURE
IntroductionIn order to justify changing traditional lesson plans into an inquiry style format, it is important to examinethe research that addresses that the advanced placementprogram can be problematic in its teaching methods and that inquiry based methods are superior to those oftraditional methods in various ways.
Advanced Placement Can Be ProblematicMorgan and Ramist (1998) found that students, whopassed the advanced placement (AP) exam with a score offour or above, performed well in college introductory courses. However, they did not investigate those students that took the advanced placement courses but did not take the AP exams. They did not account for the large portion of students that go through the advanced placement program taking the courses, but decide not to take the exam, yet still have the benefit of receiving higher point value on their grade point average. On the other hand, a more recent study by Geiser and Santelices (2004) studied how AP courses, not tests affected college success. They found that the "number of AP and honors courses taken in high
10
school bears little or no relationship to students' later performance in college" (p. 1). Sadler and Tai (2001) stated that their data revealed that "high school math courses and physics—even advanced placement (AP)physics-were not significant factors in predicting studentperformance" (p. 113). In addition, it is said that thereis no evidence that the "AP experience providespreparation for college superior to that provided by anon-AP curriculum rich in math and science" (Klopfenstein,2006, p. 17). Other factors, such as the teacher'spedagogical approaches to teaching such as greateremphasis on understanding than on memorization might be the ones determining college success (Tai, Sadler, &Loehr, 2005) .College success in the previous research articles is determined by a high grade point average which is determined by test scores or the resilience to stay in college through the first couple of years as opposed to dropping out. However, none of these investigations clearly address the amount of knowledge that students gained as' an indication of success, which in part determines students' grades and is directly linked to grade point average. Students' grades in college are usually calculated by how they perform on assessments that
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show how much of the content was learned and understood.Besides grades, none of the research addresses the qualityof content knowledge that the students gained and yet, theadvanced placement science program sometimes lacks the ability to produce students with a clear understanding of scientific principles that will help them succeed in college level classes because of teaching methods that are employed in advanced placement classes.According to Wood (2002), "the principal problem, especially for AP courses, is not that they teach too little but that they attempt to teach too much" (p. 125).This is due to the amount of content that needs to becovered in a short amount of time in order for students tobe ready for the AP exams which will give them college credit. The attempt to cover too much information reducesthe quality of the program and hinders student learning for understanding. Consequently, some high schools have even decided to stop their AP programs due to the pressure in covering so much, material before testing (Chaker,2004). There is evidence, that "[s]Students who had high school courses that spent more time on fewer topics, concepts, problems, and labs performed much better in college than those who -raced through' more content in a textbook-centered course" (Sadler & Tai, 2001, p. Ill).
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Through the experience of talking to other science teachers, observing AP classes, and inquiring about how advanced placement courses are taught, most of them agree upon traditional lectures as the main method to teach AP classes. The AP program models college courses that practice the same traditional method of teaching. However,lecture based classrooms are not necessarily the bestmeans for students to obtain a clear understanding ofcontent and eventually learn and apply the contentknowledge. A lecture based-teaching method does'not actively involve students; they are not doing science, but writing and listening passively to the teacher talking (National Research Council, 2006). To the contrary, the constructivist theory of how students learn that is widely accepted today states that (Collins, 2002):learning is active; learning is the interaction of ideas and processes; new knowledge is built on priorknowledge; learning is enhanced when situated incontexts that students find familiar and meaningful;complex problems that have multiple solutions enhancelearning; and learning is augmented when students engage in discussions of the ideas and processes involved, (p. 9)
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This constructivist view does not deem lecture-basedclassrooms the best learning environment even though thereare various forms of lecture, such as interactive lectureswhere the students will interact with the teacher and askquestions. Lecturing can be an effective tool for teaching but "wholesale lecturing is not an effective means of getting the majority of students engaged in constructing knowledge during class time" (Mestre & Cocking, 2002, p. 15). A science classroom with "instructional approaches where students are discussing science, doing science, teaching each other science, and offering problem-solution strategies for evaluation by peers will facilitate the construction of science knowledge" (Mestre & Cocking,2002, p. 15). Thus far, research has shown that inquiry as an instructional method of teaching helps construct science knowledge and understanding necessary for studentsto succeed in science.
InquiryInquiry as described in the National Science Education Standards (National Research Council, 1996) isthe "ways in which scientists study the natural world and propose explanations based on the evidence derived fromtheir work" (p. 23). In teaching, it "refers to the
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activities of students in which they develop knowledge and understanding of scientific ideas, as well as an understanding of how scientists study the natural world"(p. 23). According the National Science Education Standards (NRC, 1996), inquiry requires students to use "critical and logical thinking, and consideration of alternative explanations," and it requires students to "engage in selected aspects of inquiry as they learn the scientific way of knowing the natural world" (p. 23). In aclassroom where a full inquiry method of teaching is practiced, one would see students involved in:making observations; posing questions; examiningbooks and other sources of information to see what isalready known; planning investigations; reviewing what is already known in light of experimentalevidence; using tools to gather, analyze and interpret data; proposing answers, explanations, and predictions; and communicating the results. (NRC,1996, p. 23)These characteristics of inquiry are the fundamentals to teach students the content knowledge for successful learning. When inquiry teaching strategies are compared to those that are lecture-based, results show that studentsgain higher critical thinking skills and better
15
understanding of scientific concepts using inquiryteaching strategies, than through lecture-based methods. Table 1 shows the sequence1of steps used for lessonplanning based on the "5E" model of inquiry developed through Biological Sciences Curriculum Study (BSCS) byRodger Bybee (Bybee., 2002). The first stage of the "5E"model of inquiry is engaging the student. This is thestage where students are asked to carry out an activity or are faced with a problem situation. For example, it could be as simple as asking probing questions; having the students write on what they already know on the topic that will be covered would be another example. This stage iswhere the teacher can recognize any misconceptions about science that the students have. The second stage is exploration where the students are able to test theirideas with their own experiences and compare them with others. The third stage is the explain stage. This is where the explorations are explained by the students first then clarified by the teacher. This is the stage where an interactive lecture might be appropriate. In this stage, the teacher can help facilitate information and introduceformal language, scientific terms, and content information that help students explain their experiences. The fourth stage is elaboration of the new material. This is where
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students will extend their learning and apply it to a new, but similar situation. The last stage is evaluation. This stage provides an opportunity for students to usemetacognition. A learning log of what students learned or have not learned would be appropriate. This can be used as a summative assessment for teachers to assess using arubric what students learned and what they had difficulty understanding (Bybee, 2002). The "5E's" are the basiccriteria used for lesson planning that are essential for an inquiry lesson.
Table 1. The 5E Instructional Model of InquiryEngage Engage lessons should involve the students in something that captures their interest in the concept being taught and the students are learning.Explore Explore lessons should require students to test their ideas and reasoning about the concept being taught and they are learning.Explain Explain lessons require student explanations.The teacher may decide to provide information and/or guidance on a "need to know" basis in order to carry out their task successfully.Elaborate Elaborate lessons apply the knowledge to see if it is.understood well enough to be useful, and to be remembered long term.Evaluate Evaluate lessons serve as a summative assessment. The students evaluate what they have learned, what puzzles them, and reflect on it.(Adapted from Bybee, 2002, p. 32)
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Inquiry versus Traditional Lecture-Based MethodsIn a comparison between inquiry-based instruction andtraditional lecture-based instruction, Suits (2004)conducted an experiment that involved science andengineering majors (SEM) and non-SEM majors. Some SEM andnon-SEM students were taught using inquiry approacheswhich were the treatment groups and the others (thecontrol group) were taught by traditional lectureapproaches and cookbook labs. As they tested the students using essay format questions, it was found that the SEM and non-SEM treatment students were superior in being able"to plan and describe a procedure to use, make and record observations during the experiment, collect data, and thencalculate and properly record their results. In addition, they wrote better (in judgment of the two raters) and longer discussions" than the control group of SEM and non-SEM students (p. 252). The treatment group of students consistently scored higher than the control group. This research showed that an inquiry-based teaching approach increases the students' understanding of science to a higher level of thinking than do lecture-based classes.Chang and Mao (2001) conducted a four week study of Earth Science Taiwanese students, which compared a traditional lecture method of teaching (control group)
18
versus cooperative learning and inquiry teaching (experimental group). Chang and Mao found that the students that were taught using an inquiry method of teaching scored higher on achievement tests than the control group. This study also showed that inquirypromoted more positive attitudes about science than thelecture science students.Willden, Crowther, Gubanich, and Cannon (2002) performed an experiment involving .undergraduate non-major biology students from the University of Nevada, Reno. They compared their introductory biology course that is a lecture-based course containing a lab versus a. course that was initially funded by a grant from the Howard Hughes Medical Institute (HHMI). This class was taughtcollaboratively by the college of education and thecollege of arts and science. The lab was designed using ahands-on inquiry approach. At the end of the course, the final exam scores of both groups were compared. Willden et al. (2002) found that the "instructional style of inquiry and hands-on labs proved to be significantly superior to traditional means of instruction" (p. 20).Another study conducted by Luckie, Maleszewski, Loznak, and Krha (2004) on undergraduate physiology majors, tested an inquiry sequence of laboratories called
19
"Teams and Streams" versus the usual traditionaldisconnected laboratories in a college science course.Luckie et al. (2004) discovered that 78% of the studentshad positive attitudes toward the inquiry labs as opposedto only 20% positive feelings among the students that did not have the "Teams and Streams" sequence of inquiry labs. The researchers also came up with qualitative data gathered from a content knowledge exam where questions resembled a medical college admission test that was givento the two groups. Those students that had gone throughthe "Team and Streams" inquiry labs outscored the ones that took the traditional, cookbook style labs. This research showed how the use of inquiry affected students' views of science in a positive way and how the test scores that assessed knowledge also increased.Burrowes (2003) decided to put Thomas Lord's Constructivist Model of Inquiry adapted from the "5E" model developed through the BSCS by Rodger Bybee which isdiscussed in earlier, (see Table 1) to a test with hercollege biology class after a student's evaluationindicated that he/she slept for most of the lectures-because there was too much information. This statementalso indicates that the lectures were not engaging to students, which allowed for students to sleep and miss
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crucial information about the content. In general,Burrowes found that lectures only resulted in "lack of student motivation for the sciences, and limited learning reflected on poor content retention, few scientific skills, and inability to apply concepts" (p. 491). In addition, this traditional lecture-style instruction,"does not provide enough time for discussion, orengagement of students on inquiry-based exercises"(p. 491). As a result, Burrowes conducted an experiment with her two biology lecture sections each containing about one hundred students. Her control group was taught in a traditional lecture-style method with little room for interaction among students and her experimental group was taught using Lord's constructivist model of inquiry that allowed for cooperative groups. Burrowes covered the same content even using the same syllabus in both classes to keep it fair. When grading answers to tests that required higher-order thinking skills, Burrowes noticed that theexperimental group obtained more correct answers,indicating that inquiry style teaching develops students' problem-solving skills needed for scientific thinking. In addition to scoring higher on exams, Burrowes noticed livelier students that were more prone to think critically by challenging exam questions and coming up with alternate
21
responses during the exams. Moreover, at the end of the semester, 70% of students from the experimental group expressed that they had high interest in biology asopposed to only 50% of the control group. Also, the experimental group expressed that they enjoyed the class more than their traditional style classes. This perception had to do with students having more time to interact with the content and their peers, which motivated them and in turn created a better learning environment where students did not fall asleep.Llewellyn (2005) compares the traditional classroomwhere "The lesson is structured around 'teacher talk' andstudent responses" and where "[a]A single textbook usually guides the teacher's presentations and provides additional readings and questions for further discussion andhomework" to an inquiry classroom (p. 55). The inquiryclassroom is "student- or learner-centered" where theculture is "friendly and facilitating" and "[t]Theatmosphere promotes an effective learning situation by making the students feel that their teacher and peers value their ideas, thoughts, and opinions. The classroom provides a positive socialization promoting active involvement along with inter-and intrapersonalization" (Llewellyn, 2005, p. 55-56). The comparison of the
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different classrooms makes it evident that the inquiry- classroom is where student learning is valued, and where students are responsible for their own learning as opposed to a traditional classroom. Since inquiry has been known to give positive results in student learning, Llewellyn(2005) offers recommendations to assist teachers to modifycookbook labs that are teacher-initiated into inquiryinvestigations that are student-initiated. Somesuggestions that Llewellyn gives are to do labs beforedirect instruction. Data tables and charts should beremoved to "reinforce their understanding of thedifference between the dependent and the independentvariables" (Llewellyn, 2005, p. 95) . Other suggestionsinclude revising the procedure section of a lab and the materials section and having students provide a list of materials or write their own procedure in order to make.the labs more student-centered.
SummaryAll the research demonstrates how inquiry is more effective than instruction using a traditionallecture-based approach. Inquiry is shown to provide a more’effective learning environment and positive attitudes toward science, develop higher thinking skills, and thus
23
increase conceptual understanding. Since-the literature shows that taking AP classes does not indicate collegesuccess, and the primary mode of instruction in advanced placement biology classes is lecture-based, the AP program needs to be changed and reform is needed to present teachers with ideas of different instructional strategies so they can provide students with a solid background and understanding of scientific ideas.The BSCS's "5E" Instructional model has establisheditself to be a way of improving lessons to guide students into a more in-depth understanding about the content.Therefore, it is the basis for the criteria to developinquiry lesson plans. In lessons that follow the "5E"model, the first stage includes engaging the students. During the "engage" stage, students are introduced to themajor ideas by an activity or by the teacher posing a problem or eliciting students' prior knowledge. The second stage is "explore." This stage provides experiences for students and gives them a chance for them to test their ideas and/or carry out an investigation. The third stage is the "explain" stage that gives students the opportunity to make sense of their activities or investigations by explaining their ideas and understanding. It also allows for the teacher to introduce formal language, terms and
24
content information that helps students gain a deeper and better understanding of the topic. The fourth stage of the "5E's" is "elaborate." This is where students apply or extend the concepts in new activities and relate their previous experiences to the current activities. The final stage is "evaluate." Students and teachers evaluate in this stage. Students practice metacognition which servesas a summative assessment of what students know, do notknow, and can do. According to the research, using the "5E" instructional model of inquiry that includes these five criteria is a step towards becoming an inquiry teacher and providing students with a deeper understanding of scientific principles.Llewellyn (2005) builds upon the knowledge of the "5E" inquiry model and suggests ways to change atraditional lesson into an inquiry lesson. Somesuggestions include modifying cookbook labs that are teacher-initiated into inquiry investigations that are student-initiated. Llewellyn also suggests doing labsbefore direct instruction and revising procedures andrules to make them more student-centered. Thesesuggestions to change traditional lessons into inquiry are meant to provide a way for teachers to obtain positive results in student learning.
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CHAPTER THREEMETHODOLOGY
IntroductionThe review of the literature shows that the APprogram does not determine college success. Even though it is a high stakes program that colleges and universitiesdepend on, it is flawed in its execution. After observingsome advanced placement science courses, substitute teaching in AP classes, and by informally talking to otheradvanced science teachers, it is noted that AP scienceclasses are typically taught using traditionallecture-based methods. Yet, as an experienced biologyteacher that has used different instructional methods toteach science, and after having taken science educationclasses, there was a realization that a lecture-basedmethod of teaching- can be very ineffective, especially when it is the only mode of instruction used. As a first year teacher, traditional lecture-based instruction wasgenerally used in the classroom because high school and college used the same method of teaching. The studentstaught by traditional methods were not involved, were notlearning, and did not do well on assessments. Whenever activities where used, the students were more engaged and
26
it appeared that they were more interested and motivated in learning.While observing AP biology and other science classes,the common routine was that students walked in theclassroom and took out their notebooks to take notes. Mostof the talking that took place in the classrooms was bythe teachers. There were moments that the teachers wouldask questions, but frequently they were knowledge levelquestions that commonly involved memorization orrepetition of what was just said. Experiences andobservations have given a motive to conduct research to find a better method, such as inquiry to teach Advanced Placement Biology that perhaps will help studentsunderstand concepts for success in their future studies inscience.The literature review also reveals that whencomparing an inquiry method of teaching and a traditional lecture-based approach, inquiry is more efficient in improving higher thinking skills, developing a better learning environment in which students are engaged in science, and increasing the understanding of content knowledge. The inquiry model's criteria for developing lesson plans include the use of the "5E's" which containfive criteria: engage, explore, explain, elaborate, and
27
evaluate. These five stages are critical to developing an inquiry lesson as a step towards providing students with a profound comprehension of scientific content.Since the most common method of instruction inadvanced placement biology classes is lecture-based, it is necessary to change these traditional lessons into inquiryform to offer teachers with different ideas ofinstructional strategies in order to provide students witha concrete understanding of scientific ideas.
MethodsFor this project, different types of information were gathered. The first type was research on advanced placement programs, what they are, and how they work. Thefirst step taken in conducting the research was collecting information about how the advanced placement program, especially in the sciences, works and how much impact they have in the classroom. A library search using the universities online database and a website search using keywords such as: "advanced placement courses," "AP and education," "advanced placement and college success" was conducted. Research that dealt with AP courses being an indicator of college success was found but was usually funded by the College Board itself which might have been
28
biased. Also fairly few, yet new research thatdemonstrated that the AP program did not have an impact on success was found. A focus of research dealing withscience was intended, but was not dismissed if thearticles were a different AP subject.The next step was looking carefully and analyzing why advanced placement science, and any science class for thatmatter, was ineffective as some research indicated. As aconsequence, the research led to looking at teaching methods in advanced placement and in general scienceclasses. Yet, it was determined that research shouldaddress high school or college level due to the age range the project entailed. While conducting the literature review, it was found that classes that were practicing inquiry methods were successful in presenting subject matter. Also, it was where the students were learning material at higher levels than in traditional classrooms.Much of the core ideas and information about inquiry came from textbooks that were used during science education classes. While concentrating in comparing a traditional method of instruction versus an inquiry method, all of the research -found showed thatlectured-based instruction is ineffective and that
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teaching methods that involve inquiry methods can be effective in teaching scientific concepts.Finally, how best to teach inquiry methods and moveaway from a traditional lecture-based teaching style was studied. Due to the literature which showed that inquirymethods were more effective at understanding concept knowledge, creating a higher level thinking of ideas, and gaining more interest among students, it was decided develop some sample lesson plans to show how a traditional advanced placement lesson plan can be changed and incorporate Rodger Bybee's BSCS "5E" instructional model of inquiry to be more effective in helping biology students in advanced placement’.The AP biology course description provides information about the AP program, the materials that should be used, and an overview of the program. Yet, it fails to provide "guidance to teachers about establishing a laboratory program that would enable student inquiry and no support for the goal stated in the AP Biology course description that students gain personal experience in scientific inquiry" (NRC, 2002, p. 74).Due to the lack of the AP program establishing support of an inquiry based curriculum, some AP biology topics and a few laboratories from the AP handbook of
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suggested labs were used as a reference. It was decided tochange these traditional style labs that followtraditional lessons into inquiry lessons using the "5E" instructional model of inquiry. The lessons were placed into categories based on the major topics covered in the AP Biology Course Description (2006) downloaded from the apcentral.collegeboard.com website and by looking at AP Biology website. Using the AP Biology website from the College Board, the free response questions from the APexams from the year 2002 to the year 2006 were examined to see if there were any patterns of topics always covered in the exams. Yet, most of the topics were evenly distributed throughout the years. If one version did not cover a specific topic, the other version did. In consequence, the content in the lesson plans was randomly chosen using the AP Biology Course Description of the three main topics and three lessons were created to change from traditional to inquiry using the "5E" instructional model (see Table 2).
Table 2. Categories of Advanced Placement Biology Lessons
Major Topic LessonMolecules and Cells Diffusion and OsmosisHeredity and Evolution Mitosis and MeiosisOrganisms and Populations Physiology of theCirculatory System
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The biology content was divided into three major topics: Molecules and Cells, Heredity and Evolution, and Organisms and Populations. In the next chapter, the lesson created from traditional to inquiry using the "5E"criteria is based on: Diffusion and Osmosis. Foradditional lessons based on Mitosis and Meiosis, and Physiology of the Circulatory System see Appendix A. A sample of a traditional lesson plan and a sample of.a "5E" inquiry lesson plan for each major topic are given. The traditional lesson plan format contains the following structure: Topic, Grade level, California Science Education Standard, Objectives, Materials, Activities or Procedures, and Assessment. The inquiry lesson plan formatfollows the "5E" instructional model: Grade level andsubject, California Science Education Standard, NationalScience Education Standard, Objectives, Engage, Explore, Explain, Elaborate, Evaluate, and any relevant information such as a description of an activity or lab.Both lesson plans used the AP Biology Lab Manual as a source for the content covered. For the inquiry lesson plans, there are times that some of the basic traditional lab procedures have been incorporated into the lessons, which is not the case .for the AP laboratory manual which
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just lists lab procedures with the instructor responsible for a lesson, unfortunately usually in a lecture format.A typical traditional lesson plan usually starts withthe teacher giving students a lecture of the content. Someteachers show demonstrations along with their lectures to try to attempt on grabbing the students' attention. Some teachers use overhead lectures and yet others now usePowerPoint presentations in order to make lecture more interesting by adding color graphics, animations, andmanipulating information easier. Even though some teachers involve the students in their lectures by asking questionsand getting some student feedback, the students for the most part, are still sitting down writing and taking noteswhile the teacher talks.After a lecture, a traditional lesson is usuallyfollowed by an activity or laboratory exercise. These labsor activities usually come from a textbook or workbook, and in the case of AP Biology, they come from the AP Biology Lab Manual. These labs are considered "cookbook" labs in which students follow a given step by stepprocedure that has a predetermined outcome which, studentscan either get right or wrong. Usually in these cases, students follow the procedure without knowing why they are carrying the steps out in the specific sequence. Sometimes
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students are too busy trying to get the "correct" answer that they overlook critical steps into learning why a procedure works or they miss the idea behind the lab.After or during the lab, students usually answerquestions that check progressive understanding of thecontent. These right or wrong answers indicate what thestudents know or do not know and that is how the teacherdetermines what needs to be clarified in an additionallecture or needs to spend more time on.At the end of the section, the teacher usingtraditional lessons gives a quiz or test that assesses thestudents' recall of information presented. These tests usually include multiple choice questions, short answer questions and essay questions that test the students' understanding. Depending on the teacher, some questionsmight apply the students' knowledge but for the most part,the bulk of the tests usually deal with recalling factsabout what the students learned.Unlike in a traditional lesson, a "5E" inquiry lesson includes five stages: engage, explore, explain, elaborate, and evaluate. In the "engage" stage students are given a task that introduces them to the topic and recalls prior knowledge and experiences. In this stage a teacher can ask a question, give students a problem or situation, show a
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short video, or involve students in an activity that engages them. The next stage is the "explore" stage, where the students have the opportunity to carry out their own investigations or one assigned by the teacher. This stage is the lab part of the lesson. However, instead of students following a "cookbook recipe," students should be given more challenges to think about the process. Students should work together in teams to find meaning to thecontent using their prior knowledge. The teacherfacilitates by guiding students, asking questions, and providing materials for the investigation. The followingstage is the "explain" stage where students pull together the information from their investigations and all of their experiences and communicate their explanations tothemselves, their group, the class, and the teacher. Thisis where the teacher, using the knowledge that thestudents have explained, builds upon this knowledge by introducing formal language, terms, and contentinformation which can be in a form of a lecture, a form ofdirect instruction. The fourth stage is the "elaborate"stage. This is ..the stage where the students use the knowledge that they have gained and apply it to new, butrelated situations. This can lead to new inquiryinvestigations and new understanding. The final stage of
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the "5E" Instructional Model of Inquiry is the "evaluate"stage. This is where students think about what they learned and what they do not understand. This is an on-going process that can occur throughout the lesson. Areflective journal or learning log is ideal for studentsto process their thoughts and show what they have learnedby expressing it on paper. Teachers should give a promptto focus students on the objectives of the lesson and canbe evaluated by the teacher as well as themselves.In order to make the changes from traditional lessons that include AP labs to inquiry lessons, the identifiedcriteria were used: engage, explore, explain- student then teacher, elaborate, and evaluate. These were determined bylooking at the AP labs and other traditional cookbook labs usually found in laboratory manuals and by identifying theinformation that they were lacking when compared to theBSCS's "5E" criteria. The traditional lesson usually hasthe same three sections: lecture, lab, and assessment. Theinquiry lesson, however, has to have the entire continuum of the "5E's": engage, explore, explain, elaborate, andevaluate. However, it was found that a traditional lessonhas some forms of the "5E's" embedded in it such as an"explore" section where a lab in conducted. It can alsohave an "elaborate" section in which students are posed
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with a question that allows them to apply what they learned. Therefore, in order to change these lessons from a traditional lesson to an inquiry lesson, the lesson had to fit the "5E" Instructional Model of Inquiry (see Table1), but emphasize the three criteria that the traditionallessons were lacking, and rearrange and change the focus of the remaining criteria found in a traditional lesson.The first criterion changed was that students must interact with the material before they are introduced to the topic. In an inquiry lesson, this is found in the "engage" section of the lesson plan. In this stage, students are able to engage and interact with the material to have experiences and build some prior knowledge. In addition, the teacher asking probing questions in this stage is important into getting the students to think critically. On the other hand, in a traditional lesson where lecture is the primary mode of instruction, teachers usually fail to have the students interact with thematerial. It was noticed that the AP labs in thelaboratory manual just gave the students background into the topic and then gave the students directions on what to carry out. On the other hand, in inquiry lessons thepurpose was to engage the students and ask them questions
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based on prior knowledge, something that the AP BiologyLab Manual fails to do.A traditional lesson usually includes a lab oractivity. In an inquiry lesson, this portion would beincluded in the "explore" stage. Even though thetraditional lesson can have students explore the material, this type of lesson usually is conducted after a lecturewhere the students follow a set procedures and haveexpected outcomes. In an inquiry investigation, students can explore by designing an experiment themselves or conducting an investigation given by the teacher. However,the exploring comes before a lecture because students aregaining knowledge by doing and experiencing, which allowsstudents to form their own initial explanations connecting with their prior knowledge. Their, explanations are more meaningful than the teacher explaining the content.To make explorations more meaningful to students, changing traditional labs into inquiry investigations is important. Even though explorations are present in the traditional lessons, revising the materials, safety rules, procedures and results, and questions can help change the lab into inquiry so students can have a greaterunderstanding of the content. Instead of having a list of materials, the teacher can have the students come up with
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possible materials that they might need to conduct the investigations. Another option is to have students come up with an explanation of why they would need the materials.Having students come up with safety rules instead of giving them the list, can help students' be more responsible about their actions in a laboratory setting.Instead of having the students follow a set procedure, the teacher can have the students design the procedure. If a set procedure is crucial to the investigation and isprovided, the teacher can have the students come up withreasons of why they should carry out a specific procedure or ask questions along the way of why the specific procedure is important. A different option could be to give a wrong procedure and have students identify and explain why it is erroneous. Rearranging the order of aprocedure can also be helpful for students to identify why the order of a procedure is important.Removing given tables from the results sections ofthe lab can also help students think critically about thecontent. For example, the AP Biology Lab Manual gives data tables to students so they can write their data gatheredfrom the investigation. Removing these tables and having students create their own, gives the students the opportunity to think about how their data is to be
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arranged and the important aspects of the lab. The form of questioning is also important during the laboratories. The goal should be to change the questions into questions that apply the knowledge obtained from the exploration insteadof recall questions that can be found in the text.The second criterion lacking in traditional lessons is having students come up with their own explanation to the idea or activity they explored. This can be found in the "explain" portion of a "5E" lesson plan. As opposed to the teacher talking about the material in a lecture beforethe lab and telling the students the information, it is important to have students come up with their own explanations after their explorations. The teacher's role should be to facilitate learning by elaborating and introducing scientific vocabulary and knowledge and where lecture can be introduced. The purpose of having the students explain before lecturing is so the teachers can build upon the students' knowledge and address misconceptions that might still be present. Also, explanations and lectures at this point are more meaningful to students because they already have prior knowledge of the topic.Application activities or questions can be found in traditional lessons after lecture and lab, and in inquiry
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lessons during the "elaborate" section. This section can contain questions, pose a different but similar problem they investigated, activity, or new exploration that applies what they learned from their previous experiences.In traditional lessons, however, this section is sometimesleft out due to time constraints. Yet, in inquiry lessons, it is crucial because it is a ways of assessing studentlearning.The third criterion that is not present in traditional lessons or laboratories is having studentspractice metacognition. For example, the laboratories inthe AP manual do not contain this section. Yet, in aninquiry lesson plan this can be a form of assessment included in the "evaluate" portion of the lesson plan. As opposed to a traditional quiz or test containing multiplechoice questions and essay questions where the teacher isthe only one evaluating, students are able to think about what they learned and did not understand. It is important that students take charge of their own learning and stop to evaluate their own thinking to gain and seek greaterscientific knowledge. See Table 3 for a general model of how to change traditional lessons into inquiry lessons.
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Table 3. General Model of How to Change Traditional Lessons to Inquiry Lessons
Traditional 5E Instructional Model
Steps of How to Make 
Changes from 
Traditional to 
Inquiry Lessons
• Lessons usually 
start with lecture
* Students are not 
engaged.
Engage- provides the 
opportunity for 
teachers to identify 
students' current 
concepts and 
misconceptions. These 
activities introduce 
major ideas in problem 
situations.
• Have students 
engage in an 
activity that can 
build or elicit 
prior knowledge.
• Pose a problem or 
question
appropriate to the 
content.
• Show a video clip 
or other event that 
creates curiosity.
• A lecture is
sometimes followed 
by conducting a lab 
from a textbook or 
activity that has a 
determined outcome.
Explore- provides a 
common set of 
experiences for 
students and 
opportunities for them 
to test their ideas 
with their own 
experiences and those 
of peers and the 
teacher. It allows 
comparison of how 
students' exploration 
and explanation of 
experiences compares 
with others.
• Have students 
design their own 
investigation to a 
question or topic.
• Take some 
information out 
from traditional 
labs/activities 
such as tables that 
are usually 
provided. Instead, 
have students come 
up with their own 
tables and graphs.
• Have students come 
up with their own 
procedure
s Jumble an existing 
procedure and have 
the students come 
up with the best 
possible procedure.
• Another option is 
to go over the 
procedure but have 
the students come 
up with a reason 
why the steps are 
important.
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Traditional 5E Instructional Model
Steps of How to Make 
Changes from 
Traditional to 
Inquiry Lessons
• After a lab or 
activity, students 
usually answer 
questions after the 
lab or activity to 
indicate some 
understanding of 
the topic.
• Student 
explanations are 
not present
• There is only 
explanation by the 
teacher during the 
lessons or during 
re-teaching.
Explain- provides 
opportunities for 
students to use their 
previous experiences 
to recognize 
misconceptions and to 
begin making 
conceptual sense of 
the activities through 
construction of new 
ideas and
understandings. Allows 
introduction of formal 
language, terms and 
content information 
that makes students' 
previous experiences 
easier to describe and 
explain.
• After an 
investigation, it 
is important to 
have the students 
report their 
results to their 
group and class.
• They can create 
presentations on 
their findings on 
the main topic.
• As opposed to in a 
traditional lesson, 
this is where a 
teacher lecture 
will come in. The 
teacher will 
elaborate and 
address any 
misconceptions 
still present and 
guides them to a 
move in-depth 
understanding of 
the topic.
• Students can often 
apply what they 
learned by 
answering 
application 
questions at the 
end of the section 
or by questions 
posed by the 
teacher.
Elaborate- apply or 
extend the student's 
developing concepts in 
new activities and 
relate their previous 
experiences to the 
current activities. In 
other words, how the 
new explanation works 
in a different 
situation.
• Students can still 
answer the 
application 
questions from the 
section but can 
elaborate by 
further conducting 
other activities 
that are new but 
related to the 
topic.
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Traditional 5E Instructional Model
Steps of How to Make 
Changes from 
Traditional to 
Inquiry Lessons
• For evaluation Evaluate- serves as a • Students and
purposes, teachers summative assessment teachers should be
usually give a of what students know involved in the
multiple choice and can do through evaluation process.
and/or short metacognition. It In traditional
response quiz or shows how students lessons, teachers
test. understand and apply are the only ones
• Students are not concepts and abilities that assess.
involved in the 
process of
that they learned. • Students should 
reflect how well
assessing their own 
learning.
they understand the 
concept and have 
met the objectives.
• A learning log is 
ideal for assessing 
student
understanding and 
teachers can assess 
this using a 
rubric.
• Another way to 
evaluate can be to 
have students come 
up with a product 
using the knowledge 
they learned to a 
different and new 
situation.
SummaryAs the literature points out, the advanced placement program does not indicate that students will be successful in college. Success is due to the teacher's pedagogicalpractices in the classroom. Research shows that inquiry is more effective than traditional methods of teaching due to many factors. It has been found that inquiry creates aneffective learning environment with better attitudes aboutscience than in traditional classrooms. It has also been
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shown to increase student understanding of science and develop higher thinking skills when compared to the traditional method of teaching. The Biological Sciences Curriculum Study (BSCS) developed the "5E" instructional model, as a basis to form inquiry lessons that include the five criteria: engage, explore, explain, elaborate, and evaluate. The "5E's" were used to create a general model of how to change traditional lessons into inquiry lessons by identifying that three out of five criteria were not present in traditional lessons: engaging students, student led explanations, and metacognition as student evaluation.Chapter Four gives an example of how a traditional lesson is transformed into an inquiry lesson based on the three criteria that are incorporated into a "5E" inquiry lesson and missing in a traditional lesson. Following thelesson plans, both types of lessons are compared in regards to the "5E's" emphasizing the three missing criteria which are critical for student understanding, and rearranging cookbook labs into more open-ended ones and lectures/direct instruction placed after students have reported on their explanations of the lab experiences.
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CHAPTER FOURTHE CHANGE OF ADVANCED PLACEMENTBIOLOGY LESSONS TO INQUIRY
IntroductionThis chapter contains a traditional lesson plan and an inquiry lesson plan for AP Biology from one of the major categories in the AP Biology Course Description:Diffusion and Osmosis (see Table 2, CHAPTER THREE) that isbased on the general model of how to change traditional lesson plans into inquiry lesson plans in Chapter Three(see Table 3, CHAPTER THREE). For the additional lessonson Mitosis and Meiosis, and Physiology of the CirculatorySystem see Appendix.The AP Biology Lab Manual (College Board, 2001) was used as a reference to address some of the topics covered in AP Biology. Since the labs in the AP Lab Manual are just procedures and follow-up questions, it is inferred that the topics covered would be covered in a traditionallecture as in most AP classrooms and therefore the basisfor a traditional lesson plan. Therefore, most of the information in these labs has been changed to fit the BSCS"5E" inquiry model, making complete lessons thatincorporate laboratories similar to the AP program's labs.
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The inquiry lesson, however, differs in how the lab gives meaning to the content. Using inquiry the labs are integrated within the lesson to initiate and drive thelearning process. Traditional methods do not offer theseamless incorporation of lab and lesson, but ratherseparates the lab from the lecture.This chapter is structured so that the first lesson is the traditional lesson. Following the traditional lesson is the inquiry lesson covering the same topic. At the end of the lesson plans, there is a comparison of both traditional and inquiry lesson plans using the "5E's" as criteria emphasizing the three criteria that are lacking in traditional lesson plans: engaging the student, studentexplanation, and metacognition. The lessons are discussed in relation to the three criteria. These inquiry lessonsshould help biology teachers see how to facilitatestudents' understanding of scientific concepts using an inquiry method.
Diffusion and Osmosis Traditional Lesson PlanTopic: Diffusion and OsmosisGrade level: 9-12, Subject: Biology, AP BiologyCalifornia Science Education Standard:
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Cell Biology, la: Students know cells are enclosed within semipermeable membranes that regulate their interaction with their surroundings.Objectives:a. Students will differentiate between diffusion andosmosis.b. Students will describe the movement of water andparticles through a selectively permeable (semipermeable) membrane.c. Students will discuss the importance of diffusion and osmosis as it applies to their own body and other organisms.Materials:PowerPoint Lecture on Diffusion and Osmosis, See materials list in the Teacher's guide for AP BiologyLab Manual for the Lab on Diffusion and Osmosis.Activities or Procedures:Teacher will lecture using a PowerPoint lecture ofDiffusion and Osmosis. Teacher will make sure thatstudents understand that diffusion involves travelingof solutes through the semipermeable membrane andosmosis is water diffusion. At the end of thelecture, have students make a T-chart comparing bothdiffusion and osmosis. After the students have
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understood these concepts, do Lab One: Diffusion andOsmosis from the AP Biology Lab Manual (College Board, 2001, p. 1-18). Model the lab and its different parts if needed and make sure students knowhow to use all the equipment. Make sure students understand the questions following the lab. Clarify any questions that students might have.Assessment:Students will take a multiple choice and short answer quiz addressing the objectives and some knowledge ofthe lab.
Diffusion and Osmosis Inquiry Lesson Plan Grade level: 9-12, Subject: Biology, AP BiologyCalifornia Science Education Standard:Cell Biology, la: Students know cells are enclosed within semipermeable membranes that regulate theirinteraction with their surroundings.National Science Education Standard:Life Science Content Standard C: As a result of theiractivities in grades 9-12, all students shoulddevelop understanding of The Cell.Cells have particular structures that underlie their functions. Every cell is surrounded by a membrane
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that separates it from the outside world. Inside thecell is a concentrated mixture of thousands ofdifferent molecules which form a variety of specialized structures that carry out such cell functions as energy production, transport of molecules, waste disposal, synthesis of new molecules, and the storage of genetic material.Obj ectives:a. Students will differentiate between diffusion andosmosis.b. Students will describe the movement of water andparticles through a selectively permeable (semipermeable) membrane.c. Students will discuss the importance of diffusion and osmosis as it applies to their own body andother organisms.d. Students will design their own experiment that illustrates diffusion through a semipermeablemembrane.The Diffusion Lesson Itself1. Engage- Start out by using a clear plastic cup and food coloring. Ask students to hypothesize what will happen if a drop of food coloring is dropped in the cup of water. Have them draw it (this will help the
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visual learners) and describe what they will see. Have the students drop a few drops of food coloringin the waterWhile students are observing, spray some perfume of air freshener in the classroom in one specified place. Teacher should ask probing questions to the students to describe what -is happening. For example, what is moving in the cup and air and in what direction? Why is this happening? What will happen after a few minutes? What are the similarities between both examples? What if the temperature of the cup of water isincreased? This is intended for students tounderstand that particles move in a specified manner. Students will start questioning and start hypothesizing. The students should record their observations and thoughts into their notebooks.2. Explore- Do Exercise 1A: Diffusion (included at the end of this lesson). Make sure to discuss any unknown reagents and materials that students mightnot be familiar with.3. Explain- Go over the post lab questions in groups and then as a class. Students should explain whattheir results were from the lab. Students shouldhave come up with a basic understanding of how
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molecules move in and out of the tubing (there should be an understanding of molecules moving froma high to low concentration) and how the membrane of the tubing was selective. Introduce how the cell membrane is similar to the dialysis tubing and howthe vocabulary such as diffusion, dialysis, selectively permeable, and concentration gradient are related to each other. This is the part wherethe teacher can introduce a short lecture if neededfor clarification and further detail.4. Elaborate- Have students design a different experiment that involves diffusion and have them test it out if possible. Ask the students why their experiment a good representation of diffusion.5. Evaluate- Have students write in a learning log.What did the students learn about a cell's membrane?What do they not understand? How could they change the experiment? Make sure that their answers meet all of the objectives. Teachers can use a general rubric that scores the students understanding of thecontent (See Table 4).
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4. Fill a cup or 250 mL beaker 2/3 full with distilled water. Add approximately 4 mL of Lugol's solution to the distilled water. Test the solution for glucose.Record the color in your data table.5. Submerge the bag into the cup or 250 ml beaker of solution. This setup should be left to stand forabout 30 minutes.6. When time is up, record the final color of thesolution in the bag and the solution in the cup/beaker in your data table.7. Finally, test the liquid in the cup/beaker and in the bag for the presence of glucose using the appropriate solution. Record your results in yourdata table.Post-Lab Questions:1. Which substances(s) are entering the bag and which are leaving the bag? Draw your setup and usingarrows indicate which substances are entering and leaving. What evidence from your experiment supportsyour answer?2. Explain the results obtained. How are they different or similar to your predicted results? Include theconcentration differences and how the size of the
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pores (holes) in the tubing might affect theresults.3. What was the purpose of leaving the setup for 30 minutes? Would your results differ at differenttimes? Explain.4. Using the observations during this exercise, rankthe following by size, beginning with the smallest:glucose, molecules, water molecules, IKI molecules (from the Lugol's solution), dialysis tubing pores, starch molecules. Explain how you determined thisranking.5. What results would you expect if the experiment started with glucose and Lugol's solution inside the bag and only starch and water outside? Explain yourexpected results?The Osmosis Lesson Itself1. Engage- Have students carry out Exercise IB: Osmosis Using Grapes, which involves grapes in threesolutions, which is included at the end of thislesson. Have students answer: What is the purpose ofthis experiment? Can we use another fruit? What would we need to change if we changed the fruit?Explain.
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2. Explore- Students will carry out Exercise 1C:Osmosis Using Dialysis Tubing (included at the end of the lesson). The teacher should facilitatestudents and go around asking questions to helpstudents begin understanding the concept.3. Explain- Students will explain and/or draw what happened with their grapes (Exercise IB) and theirdialysis tubing (Exercise 1C). Students should havesome idea of how particles are moving. Studentsshould be able to differentiate where the solute andsolvent are moving. This is a good place tointroduce the terms hypertonic, hypotonic, isotonic, and vocabulary pertaining to osmosis. It is veryimportant that the students come up with an explanation of their own and make sense out of thematerial rather than the teacher telling thestudents. Ask the students what were thesimilarities and differences between the exercisewith the grapes and the one with the dialysis tubing.4. Elaborate- Students will answer the. post-lab questions, focusing on question #4 and discuss their answers with their groups and the class. Havestudents report on an everyday example of how
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diffusion and osmosis is important in life ofdifferent organisms.5. Evaluate- Students will reflect on theirunderstanding of diffusion and osmosis. Also ask:What would happen to your cells if you had to live off of salt water? How much salt do you think yourcells could take? (You can add or use othersubstances or chemicals). Teachers can use a similar rubric to grade the reflection using Table 3's scoring rubric.Exercise IB: Osmosis Using GrapesOverview: There are three grapes under three differentsolutions. The three solutions are: grape juice, sugar solution and water. Predict what will happen to grapesunder these environments.Procedure:1. Make a data table that addresses the following: the three types of solutions, predictions of what willhappen to the grapes in the three solutions,observations before and after 24 hours, and initialand final mass of the grapes.2. Label three jars: grape juice, sugar solution, and water. Fill them according to their labels.
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3. Take the mass of;-3 grapes and place them in each jar and record on your table. Close the lid on each jarand let them sit for-24 hours.4. Fill in the "Observations before 24 hrs." and"Predictions/Predicted mass .of grape after 24 hrs." with any descriptions and predictions from what you already know about substances moving.5. After 24 hours, remove the grapes removed from their jar and dry with a paper towel to remove excesswater.6. Weight the 3 grapes and record their mass.7. Describe your observations of what the grape, lookedlike after 24 hours.Exercise 1C: Osmosis Using Dialysis Tubing1. Take six 30 cm strips of presoaked dialysis tubing and tie knots at one end of each piece of dialysis tubing to form 6 bags.2. Pour approximately 15-25 mL of each of the following solutions into separate bags (the solution should fill about 1/3 to 1/2 of the piece of tubing): Distilled water, 0.2 M sucrose, 0.4 M sucrose, 0.6 Msucrose, 0.8 M sucrose, and 1.0 M sucrose.3. Make a data table that includes these six solutionsin the bag, the initial and final mass of the bags
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(in grams), the mass difference, and the percentchange in mass.4. Remove most of the air from each bag by drawing thedialysis bag between two fingers. Tie off the other end of the bag leaving sufficient space for the expansion of the contents in the bag.5. Make sure to rinse each bag with distilled water to remove sucrose spilled during the filling.6. Blot the outside of each bag and record the initial mass of each bag in your data table.7. Set each bag inside an empty cup or 250 mL beaker and label the cup/beaker according to your solutions in step 2.8. Fill each cup/beaker two-thirds full with distilled water. Make sure to completely submerge each bag inthe water.9. Let the bags stand for 30 minutes.10. When 30 minutes are up, remove the bags from thewater and blot to remove excess water. Determine themass of each bag and record your results in yourdata table.Post-Lab Questions:1. What happened to the dialysis bag in each of the sixcases? Describe the direction that water moved and
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the direction the solutes moved. Use the termsisotonic, hypertonic, and hypotonic in your answer.2. Why did you calculate the percent change in mass rather than using the difference in mass?3. Predict what would happen to the mass of each bag in this experiment if all the bags were placed in 0.4 Msucrose solution instead of distilled water.Explain.
Comparison of Traditional Lesson versus Inquiry LessonWhen comparing the differences between the traditional lesson plan and the inquiry lesson plan it is demonstrated how the three criteria: engaging students, explanations from students, and metacognition are lackingin traditional lessons. It is noticeable that the lectureon diffusion and osmosis is not engaging to the students. On the other hand, in both inquiry lessons about diffusion and osmosis students are doing science. They are carrying out an investigation as simple as placing food coloring in water and placing grapes in different solutions. These activities engage students in thinking about the topic as opposed of taking notes to a lecture. When comparing the traditional lessons and the inquiry lessons, it is noticeable that in the inquiry approach, there are
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experiences first. For example, the lab or activity precedes a lecture which is a trait that promotes inquiryin the classroom. In contrast, in the traditionalapproach, lecture comes first.Both traditional and inquiry lessons include the "explore" stage of the "5E's." However, as opposed to just conducting the lab from the AP Biology Lab Manual as thetraditional lesson does, the inquiry lesson modifies thelab. The lab follows similar procedures. However, there are pre-lab questions included that the AP Biology LabManual does not include. These pre-lab questions are a way for students to analyze the procedure that they will carryout and make sense out of it. There are questions thatmight be just recall questions in both lessons, but in the inquiry lesson it is the teacher's role to ask probing questions during the process of Investigation.During the "explain" stage of the lessons, the traditional lesson has the teacher doing the explanation before the lab. The teacher is the only one providingexplanations while students are just listening andreceiving information. In the inquiry lesson, the students are explaining the results of their diffusion and osmosis experiments to their group and the class. This will help them know what they learned from conducting their
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investigations. The teacher builds upon the students'explanations by introducing the vocabulary needed and covers material necessary for deeper understanding. Thisis unlike in the traditional lesson where students havealready had a lecture and students answer questions fromthe lab to report their findings.Depending on the teacher, students can carry outfurther experiments or answer questions that apply theirknowledge. In traditional lessons, such as the one given, the application questions are usually used at the end ofthe investigation or during the final quiz or test thatthe student takes. In the inquiry lesson example, studentsare given further chance to elaborate on theirunderstanding and ideas by creating their own experimentof how diffusion can be shown. In the osmosis lesson,students are to apply the knowledge that they learned from both diffusion and osmosis and report how these processes are important to different organisms.In traditional lessons only the teacher is assessing the students, so the students do not have the opportunity to think about what they understand and what they do not. In this case, the lesson involves the student taking a multiple choice quiz which assesses the students'memorization skills to the facts learned. In the inquiry
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lesson, the students reflected on what they understood andwhat they did not. They also thought of ways that they could change the diffusion experiment. In the osmosis lesson students were given a chance to reflect new questions were asked: What would happen to your cells if you had to live off of salt? How much salt do you think your cells could take? These questions can lead to other questions, discussions, and explorations. Inquiry lessons allow the students to think and get to their own explanations that help clear misconceptions and therefore teacher intervention in the form of probing and leading questions is critical to understanding. See Table 5 for a table that compares the traditional lesson versus theinquiry lesson on diffusion and osmosis.
64
Table 5. Comparison of Traditional Lesson versus InquiryLesson on Diffusion and Osmosis
Traditional
5E's with Criteria 
used to change from 
Traditional to 
Inquiry
Inquiry
Students are given a 
lecture on the 
diffusion and osmosis; 
Students are not 
engaged
Engage- students 
interact with material 
(criterion one)
Diffusion lesson: 
Students do a simple 
test of food coloring 
and water; Osmosis 
lesson: Students place 
grapes in different 
solutions and predict 
what will happen to 
the grapes; Teacher 
helps out by asking 
probing questions in 
both situations
Students carry out the 
Lab on Diffusion and 
Osmosis from the AP 
Biology Lab Manual
Explore Students carry out the 
Exercises 1A-1C on 
Diffusion and Osmosis; 
Teacher questioning of 
student is important
Teacher does the 
explaining; Students. 
answer written 
questions from the lab
Explain- students will 
provide their own 
explanations 
(criterion two)
Students explain and 
discuss their results 
within their groups 
and to the class; The 
teacher elaborates on 
the topic
Some questions from the 
lab/quiz are 
application questions
Elaborate Students create their 
own experiment to test 
diffusion
Students take quiz; no 
metacognition, students 
do not stop to think 
what they understood 
and what they did not
Evaluate- Students 
will practice 
metacognition 
(criterion three)
Students reflect on 
what they understood 
and what they still 
had questions on; 
Students need to think 
how they could change 
the lab to make it 
better; Teacher uses 
these questions and 
asks questions to 
evaluate their 
learning.
ConclusionThese sample lesson plans are just one way to goabout transforming lesson plans, from a traditional method
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to an inquiry form. Llewellyn (2005) also givessuggestions and recommendations of how to modify lessonsand labs into inquiry investigations. For example,Llewellyn suggests doing labs first as opposed to where most textbooks place them. Also, the questions in the lab should be revised and it is suggested that informationsuch as data tables, charts, and safety rules should beremoved so students can come up with this information on their own. In addition, revising a procedure to includesome errors, and add extension questions to labs that usually do not contain these questions is a good startinto transforming a traditional lab into an inquiry lesson. These are all techniques into having more student involvement in their own learning. According to Llewellyn (2005), everybody takes a different path to inquiry due to the personal experiences one encounters in teaching. Yet,"[r]Regardless of the path one takes, the transition to becoming an inquiry-based teacher usually follows fourdistinct stages: starting at the traditional approach,next exploring inquiry, followed by transitioning to
inquiry and finally practicing inquiry" (Llewellyn, 2005, p. 63). In addition, being a reflective teacher and trying to acquire the best practices to help students gain scientific knowledge are vital components of becoming an
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inquiry-based teacher. Thus as.a teacher that seeks bettermethods for students to gain content knowledge, aninquiry-based approach has been pursued to changetraditional methods of teaching in the AP classroom thathave not proved successful, and share them with others.
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CHAPTER FIVECONCLUSION AND DISCUSSION
SummaryThe AP program's purpose to improve American education and provide superior educational content knowledge has stimulated controversy among researchers who seek to find if the program determines that students will succeed post-high school. Through the investigation ofresearch available and because of personal experiences, ithas been concluded that the AP program is not successful in improving student learning in the sciences. This ispartly due to the quality of the traditionallectured-based instructional methods that AP teacherspractice, and because of its tremendous content coverage which has given it limitations for student success.Success in the subject matter is affected due to the lackof understanding of scientific content.All of the research that compares traditional instruction versus inquiry-based teaching points to inquiry instruction as a superior way to get the students to critically think and understand science. It is important to understand that lecture can be a part of the inquiry model, yet should not be solely used for
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instruction because as- research points out, this form of instruction looses students' interest and disengages them. Because inquiry suggests that students' understanding increases, it is suggested that traditional lesson plans that are lecture based are changed to inquiry lessons using the Biological Sciences Curriculum Study (BSCS) "5E"instructional model.Three traditional lesson plans and three inquiry lesson plans have been provided as models of how one cantake a traditional lesson and cookbook lab and turn itinto an inquiry lesson, using the BSCS "5E" instructional model, that benefits student understanding of scientific knowledge (see CHAPTER FOUR and APPENDIX). These lessons were created using a general model of how to change lessons from traditional to inquiry and the criteria that was lacking in traditional lessons. The criteria missing from traditional lessons were: engaging students, students creating their own explanations to their investigations, and students practicing metacognition. The criteria that the traditional lessons had, which were explore andelaborate, had to be adjusted to include more open-ended questions and activities that preceded explanations fromthe teacher to make content more meaningful to thestudent. Both traditional and inquiry lessons were
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compared to each other using the all of the "5E's" , emphasizing the three criteria stated. This comparison showed how inquiry lessons force student involvement and the responsibility for learning. These lessons are examples of how to take a step towards practicing inquiry, and how becoming an inquiry teacher can be approached.
Conclusions and RecommendationsThe present method of teaching advanced placement courses, which is mostly through traditional means, has defied the purpose of the advanced placement program into improving students' education through a high quality program. Even though the College Board has not indicated instructional methods to teaching their subject matter, the amount of information covered and their suggestions to teach the content have been mostly through traditionallecture-based instruction. In order to keep high quality instruction and help students understand scientific knowledge to consequently be successful, the need to improve pedagogical practices in the advanced placement classroom is needed. A problem that arose during the process of this project was that there was research indicating how the AP program might not indicate college success, but researchers failed to clearly elaborate and
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point out why the AP program was not .successful. Research pointed to the instructional strategies practiced by theAP teachers affected the AP program, but there was noclear research that addressed that the AP program was notsuccessful due to the instructional strategies practicedin the AP classes. Therefore, more research needs to beconducted in this area.So far, inquiry has deemed to be a method that has succeeded in developing student understanding. Yet researchers' main focus is at the elementary level. Thereare few studies about inquiry in high school and even less research on the undergraduate level. The studies done at the undergraduate level indicate that inquiry can be practiced in large classrooms as opposed to some people thinking that inquiry is geared for a small group ofstudents. Research of inquiry on the undergraduate level is crucial to the educational system because these collegestudents are the future teachers that will teach ourstudents. If teachers would have been taught usinginquiry-based instruction, today teachers would have been familiar with the process and would not have struggled torealize that traditional lecture-based instruction is notthe best instructional method for scientific discovery andlearning.
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Consequently, the teacher's credential program that teaches pedagogical methods to improve teaching needs to be reformed to show some of the instructional strategies that are successful in all subjects including science. During the California State University, San Bernardino credential program, all the teachers were required to do lesson plans using a variation of the traditional lesson plan template. If an inquiry-based method was the pedagogical method of practice for teaching, then programs such as the university credential program would advocatethis method as well.This project is intended to show that inquiry is one way to improve instruction in the science classroom by changing present traditional lessons into inquiry lessons. Yet, teachers should practice various instructional strategies that will indicate the best methods of teaching for their students. There are other ways to get studentsto understand scientific knowledge such as problem-based learning which deals with the teacher presenting a big theme and/or problem that students work on for various weeks. There are programs such as the "Teams and Streams" program discussed in Chapter Two, which have also helped students gain a deeper understanding of science concepts. There are different programs and strategies that arise
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from inquiry methods having the same or similar componentsof the BSCS "5E" instructional model. More research oninquiry and its effect on learning should be conducted tosolidify that inquiry-based teaching should be thedirection that teachers should move towards to improvestudent understanding. Furthermore, the model created as a guide to change traditional lesson plans into inquiry lessons created in this project that has been provided here can be further used to help teachers create unit plans or help revise AP coursework in the future. This model can help design programs which help students developinquiry skills, so they become superior and successfullearners.
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APPENDIXADDITIONAL LESSON PLANS
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Mitosis and Meiosis TraditionalLesson Plan
Topic: Mitosis and MeiosisGrade level: 9-12, Subject: Biology, AP BiologyCalifornia, Science Education Standards:Genetics, 2a: Students know meiosis is an early stepin sexual reproduction in which the pairs ofchromosomes separate and segregate randomly duringcell division to produce gametes containing onechromosome of each type.Genetics, 2b: Students know only certain cells in amulticellular organism undergo meiosis.Genetics, 2c: Students know how random chromosomesegregation explains the probability that aparticular allele with be in a gamete.Objectives:a. Summarize the events of mitosis and meiosis inanimal and plant cells indicating differences andsimilarities in each.b. Describe how independent assortment and crossing over can generate genetic variation among theproducts of meiosis.
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c. Relate chromosome activity to Mendel's laws ofsegregation and independent assortment.d. Use models to illustrate mitosis and meiosis.Materials:PowerPoint Lecture on Mitosis and Meiosis, Seematerials list in the Teacher's guide for AP BiologyLab Manual for the Lab on Mitosis and MeiosisActivities or Procedures:Students will take notes and draw the appropriatesteps of mitosis and meiosis. Make sure to cover how Mendel's Laws of Segregation and Independent Assortment apply and can be demonstrated by meiosis.Teacher will ask the students what the differenceswere between mitosis and meiosis and what thesimilarities between the two using a t-chart. Havestudents complete Lab 3: Mitosis and Meiosis from the AP Biology Lab Manual (College Board, 2001,
Pi 29-44). Students will answer the questions in thelab.Assessment:Students will identify slides in a microscope and label it with the appropriate stage. Also, students will have a short quiz from the material covered inlecture and lab.
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Mitosis and Meiosis Inquiry Lesson Plan Grade level: 9-12, Subject: Biology, AP Biology
California Science Education Standard:Genetics, 2a: Students know meiosis is an early stepin sexual reproduction in which the pairs ofchromosomes separate and segregate randomly duringcell division to produce gametes containing onechromosome of each type.Genetics, 2b: Students know only certain cells in a multicellular organism undergo meiosis.Genetics, 2c: Students know how random chromosomesegregation explains the probability that a particular allele with be in a gamete.
National Science Education Standard:Life Science Content Standard C: As a result of theiractivities in grades 9-12, all students should develop understanding of molecular basis of heredity.Most of. the cells in a human contain two copies ofeach of 22 different chromosomes. In addition, thereis a pair of chromosomes that determines sex: afemale contains two X chromosomes and a male containsone X and one Y chromosome. Transmission of genetic
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information to offspring,occurs through egg and sperm cells that contain only one representative from each chromosome pair. An egg and a sperm unite to form a new individual. The fact that the human body is formed from cells that contain two copies of each chromosome—and therefore two copies of each gene—explains many features of human heredity, such as how variations that are hidden in one generation can be expressed in the next.
Objectives:a. Summarize the events of mitosis and meiosis in animaland plant cells indicating differences andsimilarities in each.b. Describe how independent’ assortment and crossing over can generate genetic variation among the products ofmeiosis.c. Relate chromosome activity to Mendel's laws of segregation and independent assortment.d. Use models to illustrate mitosis and meiosis.
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The Mitosis Lesson Itself.1. Engage- Students will draw and describe differentstages of mitosis from a prepared slide of an onionroot tip. At this point, students should have understanding/know-ledge of chromosome structure, number in different organisms, and location within the cell. Students should be aware that they arelooking at chromosomes within cells and their purpose it to look for different stages ofchromosome location/movement. Students will thenwatch a short video clip regarding mitosis. Duringthe video, the students' job is to name theirdrawings according to the different descriptions inthe video and add more descriptions to their drawings.2. Explore- Students will summarize their pictures andmodel the stages of mitosis describing each stage.There are different kits for mitosis and meiosiswhere beads can be used to model chromosomes. Otheroptions are using pipe cleaners, yarn, or clay tomodel chromosomes. Model Meiosis using Exercise 3B: Meiosis from the AP Biology Lab Manual (College Board, 2001, p. 35-40) or any other preferredmeiosis modeling lab. Teacher should monitor
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students modeling each stage. While students are modeling meiosis, they should start relating how these events were similar to what they drew aboutmitosis and what the differences were. Students willwatch a video on meiosis.3. Explain- Students will summarize both mitosis andmeiosis and their importance in life and indicatethe big differences between each. Share thesummaries with the class. Also students willdetermine how meiosis I and II differ and how arethey similar. Students will complete a table ofsimilarities and differences between mitosis andmeiosis; have the students come up with as many differences and similarities as they can.Similarities and differences of mitosis and meiosiscan include: purpose/function, number of divisions, number of DNA replications, chromosome number ofparent and daughter cells, and number of daughter cells produced, (College Board, 2001). This is thestage where the teacher clarifies confusion and willfill in the gaps that students might have missed while modeling the stages and introduce vocabulary pertaining to the topic by lecturing when necessary. Making a table and talking about each stage will be
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helpful in recording students' explanations and clarify any misconceptions. Ask questions like: How does crossing over in meiosis affect chromosome information? Why is mitosis and meiosis important?Differentiate between meiosis and mitosis.4. Elaborate- Give students Mendel's law of segregationand have students demonstrate how these laws can beillustrated by the process of meiosis using theirmodels.5. Evaluate- Students will reflect on what they learnedabout mitosis and meiosis and how it is important to life. Ask: What do you think might happen if something went wrong during mitosis? Meiosis? Explain. This question can lead to talking aboutmutations and chromosomal disorders and lead tofurther explorations. Use a rubric like to assess student understanding of objectives (see Table 4, CHAPTER 4 for a sample scoring rubric).
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Table 6: Comparison of Traditional Lesson versus InquiryLesson on Mitosis and Meiosis.
Traditional
5E's with Criteria 
used to change from 
Traditional to Inquiry
Inquiry
Students are given a 
lecture on the mitosis 
and meiosis; Students 
are not engaged
Engage- students 
interact with material 
(criterion one)
Students will use the 
microscope to look and 
draw mitosis in an 
onion root tip; They 
will watch a short 
video clip covering 
mitosis; Teacher asks 
probing questions in 
both situations
Students carry out the 
Lab on Mitosis and 
Meiosis from the AP 
Biology Lab Manual
Explore Students model the 
stages of meiosis 
paying attention to 
specific events in 
each; they can also 
carry out the Lab on 
Mitosis and Meiosis 
from the AP Biology
Lab Manual. Teacher 
questioning of student 
is important
Students Answer written 
questions from the lab; 
Students make a T-chart 
stating the differences 
of meiosis and mitosis 
after teacher explains 
the information.
Students do not provide 
their own explanations.
Explain- students will 
provide their own 
explanations 
(criterion two)
Students explain and 
discuss their results 
within their groups 
and make a T-chart 
stating the
differences of meiosis 
and mitosis; Students 
will watch a meiosis 
video. The teacher 
elaborates on the 
topic and there is 
discussion between 
teacher and students
Some questions from the 
lab/quiz are 
application questions
Elaborate Students figure out 
how and why Mendel's 
laws of independent 
assortment and 
segregation can be 
illustrated by meiosis
Students take a quiz 
using the microscope 
slides and short answer 
format; Students do not 
stop to think what they 
understood and what 
they did not; no 
metacognition
Evaluate- Students 
will practice 
metacognition 
(criterion three)
Students reflect on 
what they understood 
and what they did not 
and determine how 
these processes are 
important to life.
They were asked 
questions can lead to 
further explorations.
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Physiology of the Circulatory SystemTraditional Lesson PlanTopic: Circulatory SystemGrade level: 9-12, Subject: Biology, AP BiologyCalifornia Science Education Standard:Physiology, 9a: Students know how complementary activity of major body systems provides cells withoxygen and nutrients and removes toxic waste productssuch as carbon dioxide.Obj ectives:a. Students will trace the movement of blood to andaway from the heart.b. Students will compare and contrast the humancirculatory system to another organism's circulatorysystem.c. Students will compare and contrast systolic anddiastolic pressure.d. Students will know how to use a sphygmomanometer.e. Students will measure blood pressure and heart rate.f. Students will know how temperature affects heartrate.Materials:PowerPoint Lecture on the circulatory system, See materials list in the Teacher's guide for AP Biology
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Lab Manual for the Lab on Physiology of theCirculatory System.Activities or Procedures:The teacher will give a short explanation of Lab 10: Physiology of the Circulatory system from the AP Biology Lab Manual (College Board, 2001, p. 109-124) so students can complete it. Students will answer the questions after each exercise. Then have students ask any questions that they have. This will lead into lecture that is more detailed discussing the anatomyand physiology of the human circulatory system andother organism's circulatory system.Assessment:Students will have a quiz regarding the circulatory system both from their lecture and lab. Studentsshould also research diseases or disorders that canaffect blood pressure and present it to the class.
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Physiology of the Circulatory System:Focus on Blood PressureInquiry Lesson PlanGrade level: 9-12, Subject: Biology, AP Biology
California Science Education Standard:Physiology, 9a: Students know how complementary activity of major body systems provides cells with oxygen and nutrients and removes toxic waste productssuch as carbon dioxide.National Science Education Standard:Science as Inquiry Content Standard A: As a result of their activities in grades 9-12, all students should develop abilities necessary to do scientific inquiry. Design and conduct scientific investigations. Formulate and revise scientific explanations and models using logic and evidence. Recognize and analyze alternative explanations and models.
Obj ectives:a. Students will compare and contrast systolic and diastolic pressureb. Students will know how to use a sphygmomanometer.c. Students will measure blood pressure.
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d. Students will design an experiment to determine if blood pressure is different at different bodily-positions.
The Blood Pressure Lesson Itself1. Engage- In pairs of two, students will take their blood pressure using a sphygmomanometer andstethoscope. The teacher should demonstrate how touse this equipment and to focus on sounds to look for while listening through the stethoscope. Questions that the teacher might ask: What are the two sounds they hear? What do you think theyindicate? Have Students record and describe whatthey listen to. Lead students to indicate that they are the systolic and diastolic blood pressure. Havestudents research and find out which one is whichfrom what they heard. What is the normal human bloodpressure? After they figure this out, have students take their blood pressure again. Have them identify systolic and diastolic pressure. How did they know,which one is which?2. Explore- Students will design an experiment that answers the following questions: Is blood pressurethe same at different positions or activities? Yes
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or No? How and why? Give students the liberty to choose the variables to test making sure they record everything and answer the question. Examples of possible comparisons: blood pressure while reclining or standing, exercising or sitting, laying down and sitting up.3. Explain- Using all the information that the studentsgained from their exploration, students will explainthrough discussion with their groups and then with the class, the difference between systolic anddiastolic. Students will determine some factors thatmake blood pressure rise or lower. Teacher can explain further the anatomy and physiology of heart.4. Elaborate- Students will apply what they know about blood pressure in answering this prompt: How docertain diseases affect blood pressure? Why is highblood pressure a health concern? Allow them 1-2 periods to investigate and report to the class.5. Evaluate- Students will reflect on what they did or did not understand about blood pressure. What elsewould they want to know? Teacher will use a rubric to assess student learning (see Table 4, CHAPTER 4 for a sample scoring rubric).
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Table 7: Comparison of Traditional Lesson versus Inquiry Lesson on Physiology of the Circulatory System.
Traditional
5E's with Criteria 
used to change from 
Traditional to 
Inquiry
Inquiry
Students.are given a 
short
explanation/lecture on 
how to do the lab of the, 
circulatory system; 
Students are not engaged 
at this moment.
Engage- students 
interact with, 
material (criterion 
one)
Students will take 
each other's blood 
pressure; Teacher 
helps out by asking 
probing questions in 
both situations
Students carry out the 
Lab on the circulatory 
system from the AP 
Biology Lab Manual
Explore Students design their 
own experiment that 
involves testing 
blood[pressure at 
different positions.
Teacher does the 
explaining in lecture; 
Students Answer written 
questions from the lab
Explain- students 
will provide their 
own explanations ", 
(criterion', two)
Students, explain and 
discuss the results 
from their experiment 
and explain the 
difference between 
systolic and 
diastolic; The 
teacher elaborates on 
the topic
Some questions from the 
lab/quiz are application 
questions; Students 
research diseases' or 
disorders that can 
affect blood pressure 
and present it to the 
class
Elaborate Students answer 
prompt and are given 
time to research and. 
report on how certain 
.diseases affect blood 
pressure and why high 
blood pressure a 
health concern; These 
questions extend the 
knowledge of the 
topic
Students research 
diseases or .disorders 
that can affect blood 
pressure and present it 
to the class; Students' 
take quiz; No 
metacognition, students ' 
do not stop to think 
what they understood and 
what they did not
Evaluate- Students 
will practice 
met-acognition 
(criterion three)'
Students reflect on 
what they understood 
and what they still 
had questions on; 
Teacher asks 
questions to evaluate 
their learning.
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